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SUMMARYRKl?OETOF RESULTSOBTmNED DURING DEMONSTRATION

TESTS OF THE NORTHROPX4 AIRPIANES

By Melvin Sadoff and Thomas R. Sisk

Results obtainedduring the demonstrationflight tests of the
Northropx~ No. 1 and No. 2 airplanesare presented. InformationIs
includedon the static and dynamiclongitudinal-and lateral+tability
characteristics,the stallingcharacteristics,and the buffet boundary.

.
The data indicatedthat the airplanewas almostneutrallystable

in straightflight at low Mach numbers with the center of gravity
locatedat about 21.4 percent of the mean aerodynamicchord for the
clean configuration.

In acceleratedflight over a Mach nuniberrange of about 0.44 to
0.84 the airplanewas longitudinallystableup to a normal-force
coefficientof about 0.4. At higher values of nomal<orce coefficient
and at the higher (M~O.8) Mach numbers a longitudinalinstabilitywas
experienced.

The X-4 airplanedoes not satisfythe Air Force’specificationsfor
damping of the short+eriod longitudinaloscillation. The pilot, how-
ever, did not considerthe low dampingcharacteristicsof the airplane
objectionablefor small disturbances. An objectionableundampedoscil-
lation about all three axes was experienced,however,at the highest
test Mach number of 0.88.

Theory predictedthe period of the short-periodlongitudinal
oscillationfairly well, while, in general,the theoretical@ing
indicateda higher degree of stabilitythan was actuallyexperienced.
This discrepancywas traced to a considerableerror in the estimation
of the rotationaldampingfactor.

The directionalstabilityof the X-4 airplaneas measured in
steady sideslipswas high and essentiallyconstantover the speed range
covered,while the dihedraleffect decreasedconsiderablywith an
increasein airspeed.
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The damping of the lateral oscillationdoes not meet the Air Force
requirementsfor satisfactoryhandlingqualitiesover the lhch number
range covered. The data indicateddecreaseddanpingas the flight Mach
number was increasedabove about O.~, and at high Mach numbers (M>O.8)
and at high altitudesthe X-b, in commonwith other transonicresearch
airplanes,experienceda small amplitudeundampedlateral oscillation.

The dynamic lateral+rtabilitycharacteristicswere estimatedfairly
well by theory at low Mach numbers and at a pressurealtitudeof 10,000
feet. At 30,000 feet, however,at Mach numbers above about 0.6, the
theory again indicateda higher degree of stabilitythan was actually
obtained.

For the conditionscovered in these tests the stallingcharacteris–
tics of the X4 airplane,as measured in stall approachesin straight
flight and in an acceleratedstall to about 1.6g, were, in general,
satisfactory. Both the stall approachesand the stall were charactez=
ized by a roll+ff to the right.

#

The X4 buffet boundary showed a sharp drop+ff in the normal=force
coefficientfor the onset of buffetingas the flight Mach number exceed6d
0.8. The boundarywas almost identicalto that obtainedfor the D+-
researchairplaneat comparableMach numbers.

INTRODUCTION

The X4 airplanewas constructedas part of the joint NACA -Air
Foree -Navy researchairplaneprogram to provide researchinformation
on the stabilityand control characteristicsof a semitaillessconfig-
urationat high subsonicMach numbers.

In the course of the demonstrationflight tests of the airplaneby
NorthropAircraft,Inc., at Edwards Air Force Base, Muroc, California,
limited stabilityand control data up to a Mach number of about 0.80
were obtainedand reported in references1 through7. The present
report consolidatesthe previousresultsand presentsa’limitedanalysis
of these data. Additionalinformationis also provided on the
longitudinal+tabilitycharacteristicsup to a Mach number of 0.88, the
characteristicsin steady sideslipat a Mach number of about O.~, and
the buffet boundaryat low (M%O.30) and at high (M%O.80 to 0.88) Mach
numbers.

SYMBOLS
.

vi indicated-airspeed,miles per hour
.

hp pressurealtitude,feet
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be

normal accelerationfactor (theratio of the net aerodynamic
force along the airplane Z axis to the weight of the
airplane)

lateralaccelerationfactor

longitudinalaccelerationfactor

Mach number

Reynoldsnumber

total head, pounds per squarefoot

staticpressure,pounds per square foot

static pressureerrors pounds per square foot

dynamicpressure,pounds per squarefoot

impact pressure (H–P),pounds per squarefoot

stick force, pounds

rudder pedal force, pounds

wing area, squarefeet

wing mean aerodynamicchord, feet

airplaneweight, pounds’

rudder hinge moment, inch-pounds

pitchingangular velooity,radians per second

yawing angular velooity,radians per second

rolling angular velooity,radians per second

period of oscillation,seconds

time to damp to one-halfamplitude,seconds

effectivelongitudinalcontrolangle (’eL~ 8%), degrees

“8effectivelateralcontrolangle eL –
(

beR), degrees
/

.
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& rudder angle, degrees

P sideslipangle, degrees

NACA RMA50101

()WAZnormal-forcecoefficient
~

Fe/q stick-forcefactor, feet squared

c% static stabilityparameter

c~+,c~ rotationaldamping parameter

Subscripts

L left eleven

R right eleven

T true

r recorded

AIRI?IANE

The NorthropX4 airplane is a semitailless
a vertical—tailbut no horizontal-tailsurface.
WestinghouseJ–3&W&7-9 enginesand is designed
high subsonicspeed range. A three-viewdrawing

researchairplanehaving
It is poweredby two
for flightresearch in
of the airplane is pre-

sentedas figure 1 and ~hotographsof the airpfineare shown in fig&e 2.
The physicalcharacteristicsof the airplaneare listed in table’I.

INSTRUMENTATION

StandardNACA instrumentswere used to record the altitude,airspeed,
right- and left+levon positions,rudder position,and sideslipangle on
the X-h No. 1 airplane;and these same quantitiesplus the normal, longi–
tudinal,and lateralaccelerations,the pitchingand rolling angular
velocities,the stick force, pedal force, and the elevenand rudder hinge
moments were used on the X4 No. 2 airplane. In addition,the normal
acceleration,altitude,airspeed,right- and left-elevenpositions,and
rudder position on the No. 2 airplanewere telemeteredto a ground station.
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All the internalrecordswere correlatedby a common timer. Since it was
not possibleto calibrateand maintainthe hinge+mnent instrumentation
properly,the data were unreliableand are not presented.

The airspeedand altituderecorderwas connectedto the airspeed
head on the verticalfin. This installationwas calibratedby the
“fly-by”method on the X4 No. 1 airplaneup to a Mch number of about
0.50. Subsequently,an airspeedcalibrationwas made on the X4 No. 2
airplane over a Mach number range of 0.70 to 0.88 using the radar method
describedin reference8. The results of these calibrationsare presented
in figures 3 and 4 which show, respectively,the staticpressureerror
ratio AP/qc at low lift coefficients (AZ = 1.0) as a functionof true
Mach number and the variationof true kch number ~ with recordedMach
number ~. Included for comparisonwith the X4 data in figure 3 are the
results from reference9 of a calibrationof a statictube ahead of the
yerticaltail of a free-fallmodel of a canard airplaneat low lift
coefficients.

TESTS, RESUITS,AND DISCUSSION

Longitudinal-StabilityCharacteristics

Strai@t fli~ht.–The static longitudinal-stabilitycharacteristics
in straightflightwere measured in the clean configurationat indicated
airspeedsvarying from 140 toabout 400 miles per hour and at pressure
altitudesbetween 10,000and 20,000 feet. The center of gravityfor these
tests ranged from 18.o to about 21.6 percent of the mean aerodynamicchord.
Data were also obtainedfrom the gear-downflaps-upconfigurationat
indicatedairspeedsbetween 145 and 215 tiles per hour and at pressure
altitudesbetween2,200 and 15,000 feet with the center of gravityvarying
frm 19.5 to 22.0 percent of the mean aerodynamic’chord.

The results of these tests are presentedin figure 5 for the several
center+f+ravity positions. It may be noted that only approximatecenter-
of+qavity positionsare given since,because of the uncertaintyof the
exact sequenceof fuel emptyingfrom the wing tanks, they are not known
to within an estimated + 0.5 percentmean aerodynamicchord. The results
presentedin figure 5 for the severalcenter-of~avity positionsare
consistentwithin”theaccuracy of the data. The data indicatethat the
airplanewas almost neutrallystableat the higher indicatedspeeds or
low normal-forcecoefficientswith the center of gravityat about 21.4
percent of the mean aerodynamicchord. It was indicatedthat the stability
tended to increaseas the normal-forcecoefficientwas increased. It was
also indicatedthat loweringthe landinggear had little effect on the
longitudinalstability.
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Acceleratedflight.–The longitudinal-stabilitycharacteristicsin
acceleratedflightwere measured in steady or wind–up turns and in gradual
pull-ups. The data were obtainedat a Mach number of O.~ at 10,000 feet,
at severalMach numbers from 0.5 to about 0.8 at 20,000 feet, and at
severalMach numbers from 0.70 to 0.86 at 30,000 feet.1 In general,at
~0,000and 20,000 feet the data presentedfor values of normal accelera-
tion less than 2g were obtainedin steady turns, while the data for
values of normal accelerationgreater than 2g were obtainedin steady
or wind—up turns. The center of gravityfor these tests was locatedat
about 1.8.5percent of the mean aerodynamicchord.

Time historiesof two typical test runs are presentedin figure 6.
It is interestingto note in this figure that, while the stick–forcedata
show decreasingvalues, the elevenangle and normal-forcecoefficient
continueto increase. The apparent stick–freeinstabilitywithin each
run was probablydue to the frictionand inertiaforces in the hydraulic–
boost eleven systemwherein the elevenscontinuedto move in the direction
of stick movementafter the stick motion had stopped. Because of this
characteristic,the stick-freedata may be expectedto exhibitmore
scatterthan the stick-fixeddata. The stick-freedata are shown in
figure 7 as a matter of interestalthoughthey are not analyzedfurther
because of the uncertaintyregardingthe characteristicsof the mechani–
cal feel and the hydraulicboost utilized in the elevencontrol system.
Figure 7 shows the variationof eleven controlan@e with normal-force
coefficientand the variationof eleven stick force with normal accelera—
tion for the severalMach numbersand altitudes. These data indicate
that for values of normal-forcecoefficientup to about 0.4 over a Mach
number range of 0.44 to 0.84 the airplane is longitudinallystable stick
fixed and stick free. Above a Wch number of about 0.8, however,the
airplanebecomes longitudinallyunstableat values of normal-force
coefficientabove about 0.4. (It shouldbe noted, however,that the
higher range of normal-forcecoefficientwas not exploredbetweenWch
numbers of 0.5 and 0.8.) The instabilityis clearly shown by the data
in figure 8 which presentthe variationof eleven controlangle with
normal-forcecoefficientfor the severalruns where longitudinal
instabilitywas encountered. It shouldbe noted that the data above a
normal-forcecoefficientof 0.4 are not strictlyvalid points since the
airplanewas pitchingup rapidly at the the. It may be observedin
this figure that the instabilityoccurredat a normal-forcecoefficient
of about 0.42 at &ch numbers of about 0.82 and at a normal-force
coefficientof about 0.38 at a Mch number of 0.84. A typicaltime
history of a run in which longitudinalinstabilitywas experiencedis
presentedin figure 9.

1 The data at M = 0.70 were obtainedin straightflight during the radar
airspeedcalibrationruns. The data were extrapolatedto a CN of
0.4 by using the elevon+ngle gradientdeterminedat 20,000 feet
pressurealtitude.
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From the resultspresentedin figure 7, the elevenanglesrequired
for balancefor severalvalues of @ were derivedas a functionof
Mach nwnber and are shown in figure 10 for altitudesof 10,000and 20,000 .
feet, and for 30,000feet. Also presentedfor comparisonwith the experi-
mental values are the angles estimatedfrom the wind—tunneldata of ref-
erence 10. The experimentalresults at 10,000and 20,000 feet show
little change in the elevenangles for balance over the entirerange of
Mach number from 0.44 to about 0.82. At 30,000feet, the experimental
data show a slight diving tendencyas the flightMach number is increased
above 0.82. The estimatedeleven angles comparefavorablywith the
experimentalvalues at 10,000 and 20,000feet. At 30,000feet, the
agreementis not quite as good, althoughthe trends agree fairly well,
especiallyat the higher values of normal-forcecoefficient. The
estimateddata, however,tend to exaggeratethe diving tendency.

A measure of the stick-fixedstability dbe/dCN is plottedas a

(
functionof I’&chnumber in figure 11. The estimatedvalues from the
data of reference10 are also included. Both the experimentaland the
estimateddata indicatean increasein stabilityof approximatelythe
same magnitudeas the Mach number exceeds 0.8.

Dynamic stability.–The dynamic longitudinal-stabilitycharacteris-
tics of the X-4 airplanewere obtainedin longitudinaloscillationswhich
were excitedby abruptlydeflectingthe elevencontroland returningit
to the trim position. These oscillationswere obtainedat Mach numbers
of about 0.50 and 0.80 at 20,000 feet and at Mach numbersbetween 0.82
and 0.86 at 30,000 feet. Time historiesof,two representativeoscil–
lationsare given in figure 12. Although these data show that for Mch
numbers from 0.50 to 0.86 the X-4 airplanedoes not meet the requirements
for satisfactorydamping of the longitudinalshort-periodoscillation
which stiptites that the oscillationdamp to one-tenthamplitudein one
cycle (reference11), the pilot did not considerthe low damping of the

b airplane objectionablefor small disturbances. At the highest test Mach
number reached during the demonstrationtests (MK1.88),an objectionable
undamped oscillationabout all three axes was experiencedwhich indicated
that the dynamic longitudinaland lateralstabilitywere about neutral
at this Mach number at 30,000 feet pressurealtitude. A time history of
severalof the pertinentmeasured quantitiesfor this run is given in
figure 13. The period P and the time to damp to one-halfamplitude

T1/2 were determinedfrom these oscillationsand othersnot presented
here, and are presentedas a functionof Mach number in figure 14. The
theoreticalperiod and damping computedby the methods of reference12
are also presentedin this figure. It may be seen from figure 14 that
the period is estimatedfairly well by the theory. The theoretical.
damping,however, increasesconsiderablyas the flightMach nuniberis
increased,while the experimentalresults show only a small increasein
damping at 20,000 feet and actuallya rapid decrease in dampingabove a
Mach number of 0.86 at 30,000 feet.

.
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In an attempt to determinethe reasons for the fairly good agreement
in period and the relativelypoor agreementfor the damping,values of the
static stabilityparameter C% and the rotationaldamping coefficient
c% + c% were derived frum the experimentaloscillationsby the use of
the equationsgiven in reference13. The results of these computations
are presentedin figure 15 as functionsof Mach number. Also included
in this figure for comparisonwith the derived data are the wind–tunnel
values of C% (reference10) and the values of C
methods of reference14.

~ estimatedby the
Two importantobservationsmay be made from

figure 15. First, as comparedto the wind–tunneldata, the flight results
indicatea lower degree of static stabilityover most of the Mach number
range and, within the experimentalscatter of the flight data, the
stabilityappears to be essentiallyconstantover the Mach number range.
Second, the values of rotationaldamping factor

c%
+ c~ derived from

the flight results are considerablylower than the estimatedvalues of
‘%w and, while the estimatedvalues of C% remain approximatelycon-
sta@ at a value of -1.5, the experimentalvalues decreasefra a value
of -0.5 at a Mach number of 0.5 to zero at Mach numbersaround 0.8. At
the highest test Mach number of 0.88 the damping factor Cq + c=
correspondingto the undampedoscillationdescribedpreviouslyassumes a
relativelylarge positivevalue (negativedamping in pitch)and of the
seinemagnitudeas that contributedby the airplanelift-curveslope.

To illustratethe importanceof properlyaccountingfor the
damping-in-pitchfactor in the theoreticalcomputations,the values of

?
+ c= derivedfrom the flight data were used to recomputethe vari–

at on with Mach number of the time required for the longitudinalshort-
period oscillationto damp to one-halfamplitude. The resultswhich are
presentedin figure 16 show, as expected,that the expertientaland
theoreticalvalues of T1 ~

4
are brought into very good agreement. It

shouldbe noted in this igure that the time to damp to one-halfamplitude
still has a moderatefinite value even though the rotationaldamping
factor C

%
+ C% approacheszero at Mach numbersaround 0.80.

Iateral–and Directional-Stability

In steady sideslips.–The lateral-and

Characteristics

directional-stability
characteristicsin steady sideslipswere measuredat indicatedairspeeds
of about 175 to 280 miles per hour at approximately15,000 feet and at
an indicatedairspeed of about 260 miles per hour at 20,000 feet. The
results of these measurementsare shown in figure 17 which gives the
variationof the effectivelongitudinalcontrolangle, the effective

2 It is assumed that for taillessairplanes C& is negligible.

.
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lateralcontrolangle, and the rudder angle as a functionof sideslip
angle. Several interestingobservationsmay be made from this figure,
notably that an increasein nose-dountrim occurs as the sideslipangle
is increased;the directionalstabilityis high and remains essentially
cmstant over the airspeedrange covered;and the effectivedihedral
decreasesconsiderablywith increasein airspeedfrom 175 to 280 miles
per hour. The measure of directionalstability d~/d~ has an average
value of about 1.80 as comparedwith a value of 2.0 obtainedfrom the
wind-tunneldata of reference15. The effectivedihedral,as measured
by the rate of change of lateralcontrolangle with sideslipangle
d8a/d~,varies from a value of 0.28 at 280 miles per hour to 0.69 at 175
miles per hour. The variationof the effectivedihedralwith normal–
force coefficientis given in figure 18. The values estimatedfrom the
wind-tunneldata in reference15 are also presentedin this figure. The
agreementbetween the flight and wind-tunnelmeasurementsis considered
good. No correctionswere applied to the wind-tunneldata for the
effect of rudder deflection.

Dynamic st”abilit~,- The dynamic lateral-stabilitycharacteristics ‘
were obtainedfrom oscillationswhich were initiatedby abruptlydeflect–
ing the rudder and returningit to the trim positionand by deflecting
and then releasingthe rudder. These oscillationswere obtainedin the
clean cmfiguration at 10,000feet for a range of normal<orce coefficients
of 0.2 to about 0.55 correspondingto a Mach number range of 0.25 to 0.4
and at 30,000feet over a Mach number range of 0.5 to 0.73. Oscillations
were.alsoobtainedfor the geatiown configurationat 10,000 feet at
normal<orce coefficientsbetween 0.3 and 0.45 correspondingto Mach num–
hers of about 0.3. Typical time historiesof the lateral oscillations
obtainedare shown in figure 19. From these oscillationsand othersnot
presentedherein the period and timeto damp to one-halfamplitudewere
determinedand are presentedin figure 20. These results show that the
X--4airplanedoes not meet the Air Force dampingrequirementsfor satis–
factory handlingqualities,althoughfor the gear-downconfigurationat
10,000 feet the characteristicsare close to the satisfactoryregion.The
period and time to damp to one-halfamplitudeare replottedas a function
of normal<orce coefficientin figure 21(a) and as a function of Mach num-
ber in figure 21(b). Also presentedin this figure are-the theoretical
values of period and dampingcomputedby the methods of reference16. A
comparisonof the expertientalwith the theoreticalresults indicates,in
general,good agreement’ofthe periods and fair agreementof the damping
at low altitudesand low Mach numbers. At 30,000 feet, however,the
theory indicatesa decreasingtime requiredto damp to one-halfamplitude
as the Mach nuniberis increasedabove 0.5, while the experimentalresults
indicatea rapid deteriorationof the damping. As noted previouslyin
connectionwith figure 13, the dampingtends to zero as the flight Mach
number approaches0.88. It may be of interestto mention that the test
point at 30,000 feet and at about 0.73 Mach number was obtainedfrom an
unusual oscillationwhich abruptlychanged its period and damping
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characteristics. (See fig. 22.) Althoughthe period and dampingvaria–
tiona shown in this figure may be explainedby fuel sloshingand gyro–
scopic couplingof the lateralmotions with the short-periodlongitudinal
oscillation(reference17), further testing is considerednecessary
before any definiteconclusionscan be made regardingthe exactnature
of these oscillations.

Stalling Characteristics

The stallingcharacteristicsof the X-4 were determinedfrom stall
approachesmade in the clean and in the gear-downconfigurationin lg
flight with the engine rpm set for 11,000 and from an acceleratedstall
made in the clean configurationwith the engine rpm set for 13,000.
(Ratedrpm is 17,2000.)The pressurealtitudefor these stallswas about
17,000 feet and the correspondingReynoldsnumber approximately9 x 106.
As a safetymeasure, an Ml? spin chute was installedduring these tests.

, The results showed that the unacceleratedstall approacheswere
characterizedby a mild droppingof the right wing. Recoverywas readily
effectedby a small forwardmovement of the stick. The acceleratedstall
was characterizedby a fairly violentroll-offto the right and by mod-
erate buffetingwhich occurredat the stall and persistedthroughmost of
the recovery. Recoverywas again easily and rapidly accomplishedby a
small forward stickmovement. A time history of the motions of the air–
plame and the controlsduring the acceleratedstall is given in figure 23
to illustratethe above points. In this time history the stall is con–
sideredto occur at approximately4.4 seconds,at which point a consid–
erable increasein eleven angle resultedin no increasein Az (or ~).
Rapid aileronmotion at this time, which failed to check the right roll,
is evident.

A comparisonof the peak values of normal-forcecoefficientobtained
in flight with the values of

C%lax
obtainedfrom twtiimensional and

three-dimensionalwind–tunneltests is presentedin figure 24. In
evaluatingthis comparison,differencesin the flight and wind–tunnel
values of Reynoldsnumber and elevon+mgle settingand the dynamic effects
on maximm lift shouldbe considered. The Reynoldsnumber and the dynamic
effect differencesare such as to increasethe flight values of CN

max
relativeto the wind—tunnelvalues, and the differencein eleven angle
reducesthe flight CNmx approximately0.1 relativeto the wind-tunnel

values. There is also shown in figure 24 the Mach numbers and normal–
force coefficientsat which the longitudinalinstabilityoccurredin
flight. These are includedto show the possible limitingvalues of normal–
force coefficientthat may be reachedwith this airplane.
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It is of interestto note in connectionwith the longitudinal–
stabilitycharacteristicsat high lift coefficientsthat no instability
was encounteredup to normal-forcecoefficientsof about 0.73 and 0.84
for the stall approachesand the stall,respectively. The accelerated
stabilitydata, on the other hand, indicatedthat longitudinal
instabilitywas experiencedat normal-forcecoefficientsaround O.~ at
high (M%O.8) Maoh numbers. A possibleexplanationfor this is that the
boundary-layerfences with which the X-4 is equippedbecome less effec-
tive in preventingthe instabilityas the Mach number is increasedabove
the speeds at which the stall tests were run (MXO.3).

Buffet Boundary

During the course of the stall tests
acceleratedstabilitytests at 20,000 and
informationon the buffet boundary of the
The data which were only availableat low
to 0.88) Mach numbers are shown in figure

at about 17,000feet,and
30,000 feet, some limited
X4 airplanewas obtained.
(MZO.3) and at high (M%O.8
25. The completebuffet

boundaryfor the D-558-IIairplane (r~ference19) is aim includedin
this figure for comparisonwith the X-4 results. The data for both air–
planes indicatea fairly rapid drop in the normal-forcecoefficient ~
at which buffetingfirst occursas the flightMach number exceedsabout
0.8, althoughthe X4 boundaryis slightlylower than the D-558-IIat
comparableMach numbers. An indicationof the extent of penetrationinto
the buffet region is shown by the peak ~ values reached during the X4
demonstrationtests (circledpoints’,fig. 25). Another point of interest
in figure 25 is that the normal<orce coefficientsand Mach numbers at
which the longitudinalinstabilitywas observedvery nearly coincidewith
the buffet boundary. The reason for this coincidenceis not entirely
obvious,although it may be reasonableto expect that the breakdownof
flow over the wing which results in buffetingalso produces the adverse
aerodyanmic-loadingchangeswhich cause the instability.

CONCLUSIONS

From the results obtainedduring the demonstrationfli~ht tests m?
the NorthropX-4 No. 1 and No. 2 air~lanesand from a comparisonof these
resultswith estimatedand theoreticaldata, the followingconclusions
were drawn:

1. The airplanewas almost neutrallystable in straightflight at
low Mach numbers with the center of gravity locatedat about 21.4 percent
of the mean aerodynamicchord for the clean configuration. Loweringthe
landinggear had no significanteffect on the longitudinalstability.
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There was some indicationthat the stabilitytended to increasefor both
configurationsas the normal<orce coefficj.entwas increased.

2. The airplanewas longitudinallystable in acceleratedflight
over a Mach number range of O.kk to about 0.84 up to a normal<orce
coefficientof about 0.4. At higher values of normal-forcecoefficient
and at.Mach numbers of about 0.8 a longitudinalinstabilitywas experi-
enced.

3. The airplane does not meet the Air Force specificationsfor the
damping of the short~eriod longitudinaloscillations. The pilot, how-
ever, did not object to the low dampingfor small amplitudeoscillations.
However,an objectionableundampedoscillationabout all three axes was
experiencedat the highest teat Mach nu@er of about 0.88 which may well
limit the X4 airplaneto this speed.

4. The theory predictedthe period of the short=periodlongitudinal
oscillationfairly well, while, in general,the theoreticaldamping
indicateda higher degree of stabilitythan was actually experienced.
This disagreementwas traced to a large error in the estimationof the
rotationaldampingfactor.

5. The directionalstabilityof the airplanewas high and
essentiallyconstant over the speed range considered,while the effec–
tive dihedralincreasedconsiderablywith an increasein normal~orce
coefficient. The lateral-and directional+tabilitycharacteristics
estimatedfrom wind-tunneldata comparedfavorablywith the flightresults.

6. The damping of the lateral oscillationdoes not meet the Air
Force requirementsfor satisfactoryhandling qualities.

7. The dynandc lateral-stabilitycharacteristicswere estimated
fairly well by the theory at low Mach numbers at a pressurealtitudeof
10,000 feet. At 30~000 feet, however,and at Mach nmnber above about
0.6, the theory indicateda higher degree of stabilitythan was actually
experienced.

8. For the conditionscovered in these tests, the stallingcharac–
teristicsuf the airplaneat low Mach numbers were, in general,satis–
factory. The stall was characterizedbya roll-off to the right and by
moderate buffetingwhich servedas a stall warning.

9. The buffet boundaryfor the X-k airplane,which was almost
identicalto that for the D558-11 airplane,showed a sharp drop-offin
the normal+forcecoefficientfor
number exceededabout 0.8.

Ames Aeromutical Laboratory,
NationalAdvisory Coxnittee

Moffett Field, Calif.

the onset of buffetingas the Mach

.

for Aeronautics,
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TW13LEI. – PHYSICALCHARACTERISTICSOF X-4 AIRPIANE

15

hginf3S (tWO) . . . . . . . . . . . . . . . . . we~tingh~~~e J-3-7–9

Rating (each)staticthrustat sea level,pounds . . . . . . . L600

Airplaneweight (averagefor flights12, 13, and 15), pounds
,

Wimum(238galfuel) . . . . . . . . . . . . . . . . . . . . 7847
Minimum (lOgal trappedfuel) .. . . . . . . . . . . . . . . . 6477

Wing loading (averagefor flights12, 13,and 15),
pounds per square foot

Maximum. . . ... . . . . . . . . . . . . . . . . . . . . . . 39,2
Minimum. . . . . . . . . . . . . . . . . . . . . . . . . . . 32.4

Center-of~avity travel (averagefor flights 12, 13, and 15)
percentM. A. C.

Gearup, full load. . . . . . . . . . . . . . . . . . . . . 19.1O
Gear up, post flight. . . . . . . . . . . . . . . . . . . . 17.10
Gear down, full load. . . . . . . . . . . . . . . . . . . . 19.40
Gear down, post flight . . . . . . . . . . . . . . . . . . . 17.50

Height, over~llfeet. . . . . . . . . . . . . . . . . . . . . . 14.83

Length, over-llfeet. . . . . . . . . . . . . . . . . . . . . . 23.25

Wing

Area, square feet . . . . . . . . . . . . . . . . . . . . . 200
Span, feet. . . . . . . . . . . . . . . . . . . . . . . . . 26,83
Airfoil section . . . . . . . . . . . . . . . . . . NACA OOl&64
Mean aerodynamicchord, feet . . . . . . . . . . . . . . . . 7.81
Aspect ratio. . . . . . . . . . . . . . . . ... . . . . . . 3.6
Rootchord, feet. . . . . . . . . . . . . . . . . . . . , . 10.25
Tipchord, feet . . . . . . . . . . . . . . . . . . . . . . 4.67
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . , 2.2:1
Sweepback (leadingedge), degrees . . . . . . . . . . . . . 41.57
Dihedral (chordplane), degrees . . . : . . . . . . . . . . 0

Wing boundary-layerfences

Length,percent local chord . . . . . . . . . . . . . . . . 30.0
Height, percent local chord . . . . . . . . , . . . . . . . 500
Location,percent sem.ispan. . . . . . . . . . . . . . . . . 90.0
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wing flaps (split)

Area,square feet.... . . . . . . . . . ... . . . ...16.7
Span, feet . . . . . . . . . . . . . . . . . . . . . . . . w~.92
Chord, percentwing chord . . . . . . . . . . . . . . . . . . 25
Travel, degrees . . . . . . . . . . . . . . . . . . . . ...30

Dive brake dtiensionsas flaps

Travel, degrees . . . . . . . . . . . . . . . . . . . . . . . +60

Elevens

Area (total),square feet . . . . . . . . . . . . . . . ...17.20
Span (2elevons), feet... . . . . . . . ... . . . . . . .15.45
Chord, percentwing chord . . . . . . . . . . . . . . . . . . 20
Movement,degrees

up . . . . . . . . . . . . . . . . . . . . . . . . ...35
● ..9**. ● *O..*. ● * 20

Opera;=”””””””””” Hydraulicwith electricalemergency

VerticalTail

Area, square feet.... . . . . . . . . . . . . . . . ...16
Height, feet . . . . . . . . . . . . . . . . . . . . . . . .5.96

Rudder

Area, sq~efeet. . . . . . . . . . . . . . . . . . . . . . 4.1
Span, feet . . . . . . . . . . . . . . . . . . . . . . . . . 4.3
Travel, degrees. . . . . . . . . . . . . . . . . . . . . . . +30

Operation. . . . . . . . . . . . . . . . . . . . . . . . . .Direct
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Figure l.– Three-tiewdrawing of X4 airplane.
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(a) Side view.

(b)

Figure

Three-quarterfront view.

2.— The X4 No. 2 airplane.
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Figure 7.- Veriation of eleven control angle and control force with
normal-force coefficientfor severalvalues of Mach number.
X-4 airplane.
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Figure 8.– Eleven-.control~nglevariationwith normal-forcecoefficient
for the longitudinalinstabilityruns. X4 airplane.
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‘Figurell.– Variation of the elevon+ngle gradientwith Mach number.
X-4 airplane.
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Figure 13. - Time history of undamped oscillationabout all three axes
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Figure 20. – Coqarison between dynamic lateral stabilityof X-k airplane
and the criterionfor satisfactorycharacteristics.
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